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(57) Abstract: 



PROBLEM TO BE SOLVED: To provide a method for 
producing difuructose dianhydrlde IV (DFA IV) by 
applying an LFTase gene which is a new gene prepared 
based on a new design and is mass producable the DFA 
IV that is a functional oligo saccharide, efficiently, 
since it highly expresses a highly active enzyme, to COPYRIGHT: (C)2002,JPO 
levan which can be efficiently produced in a large 



amount by culturing bacteria belonging to the genus 
Serratia (Serratia levanicum) on a sucrose-containing 
medium, and then possible to produce the DFA IV through 
a route of sucrose to levan and to DFA IV in a 
continuous process. 



SOLUTION: This method for producing the DFA IV is to 
apply the new LFTase to the level for producing the DFA 
IV efficiently in the large amount. 
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(54) mmco^m h-:^ - i^y>fc FU H I vcDAa®3gri 



(57) immi 

(LFTase) €r l-'/t>lCfPffl $1tT. i:^yj]/^h — 
X->^T>t:FUF IV (DP A IV) ^^Mm^lZ 

mm LFTase jte-^l^ff fefdi^tt^cX^^t-^T 

m^^Tz^. «tB14:t*UrfST»^DFA I V^^ij* 

(Serratia levanicum) 

BJJcj;n^f> MIS-^l^A>->DFA I VCD^^^aggl 



1 

^ h >7.y ji'^—if ( L F T a s e ) ^U/tyizi^ 
m-^-^Ti^yji'^ ] — X • >?T>t: H U F I V (DFA 
IV) ^mm-t^^t. ^WMft^DFA I VCD 

(1) i^m 

(DU/^y^^mV. i?:7jl.^ F^x • vT>fc: FU F I 
V (DFA IV) ^^^f^ff^^WT^o 
(2) 

(3) MSpHSt^^S^pHtSH 
M3@ p H : 6 . 0 
^^vUmm : 4. 0-12. 0 

(4) mmum-Eczs^Mummm 
mmum : s o t: 

(5) 

^^a:*^50, OOODa (SDS-PAGE. ^^J!/ 
fiiS7. 5%) 

(6) mm(Dmm^ 

FT a s e^UJtyiZiPm-^'^XDF A I V^Sitt" 

3 ] mmm^ 2 ^mmmmx^^-^n^ l f t 

as emBi^f-lzMmT^T^jmUm^m't^l^FT a 
s e ^l/A*>^Cffffl$i±TD F A I VtrSfi'T'S ^1 

im^m 4 ] E^os-^ 2 cD:i:aE^fjT^^ l f t 

a s eMe^c^DNA^-g-Wt-^y^X^ FT^SK^ 

ft a s e ^figffl-r^di:. ^s^Witir^m^miizm 

«c0DF A I v<Dmmyjmo 

Cif*:^ 5] ff^M^ft#:i:LTXi/xU hT • 3 U 
(Escherichia col i) BL21 (DE 
3) -pET/LTFsa (FERM P~1789 

6) ^mmr^ziii. ^wmtT^m'mm4\zmmo:>D 
FA lYcDmm:^^^ 

f3i< t%nt^(Dmmiz^DDF A i vm^^mu. 



(2) Wm 2002-17391 

2 

y^mmm. mmM^^-^^y^w^m^m^^-cm 
^mw.t.tmtikm%--^(o^^^nt^\mz%m. 

[0 0 0 1 ] 

10 mm(Dm'r ^w^imn ^^mmt. yy)v^ v-y • 

vT>bFUFIV (J^T. DFA I Y h^^^'o Z. 

^^) (omm:)^mzmr^^<j:>-x^ri. mzmm\z\'X. 

mMvnyy h V'yyyy:ii^—M^m^^^z,t\z 
cfcD L//t>^^6DFA I Y ^%mm\z-xmum.T 
m\z\.x^mfz-:^mzm'r^^<Dx^^. 

[0 0 0 2] 

[ee*CDft«] DFA lYU. 6, 2' : 2, 6' M 

coy F>- F*g^^^-r^iit«fbtt(Dz:»ST$,-Q 
i»» CD a ti^m.m'\^^Ui i: L T T ^: 7j?t^lS $ 

nx\^^^f)^. mzmrz\z^mumm(Dmm^m'i^'^n. 

^COSjgjO^I&^^nTVi^o -^bT. DFA IV^l. 

unyizynyyjv^hh'yyyyjL'y—^ iUT. l 

FT a s e tt/^-^Ciife^-g)) ^f'fffl $ i±TS5t 

l/;t>^O^X FT a s e CD l^-m^CO V^Tfe. 

l-l* $ nr:^^U\^^ot^M'\ty:^ D . d f a 
ivcDM^o^t^, 'mm&<Dyny'BLXsmum<^i^FT 

20 a s e ^±«l::X^^m"r^:S-&CD«*5^^1S< SM^tl 

ffi (D IS ^ t> # ^ ^ n T V -1) o 

[0 0 0 3] ynyizi'^m'^^xDF A iv^m^t 

^OfCL FT a s e^t. T )Vy.un^ - zzzij^ J 
yyyGS — ^W (Arthrobacter nlcot inovorans GS-9 

(i^AT. Gs- ^mt.\^^'DZ,h^^^) ^mm^. mm 
^(Dynyiz^^mm^m^n^mmmmx^^o 

m\t.mmy:^^v. ^z-lft a s emmm'm<D^m\z 
40 \t.vny^^z-m.t.'t^rz^. nutmmtu^. 

xu. vny^w<Di:mm±m^mtmiL'^tix^^ 

[0 0 0 4] ^7t, ±fBb7tcJ:^:^5^.^ML FT a s e 
CDMiScO^^T^MC. iie-?ffl.«;^MLFTa s e(DK3tlC 
Ol=kTt)^ft$nfCo t^/^cTt?-^. GS-9fi*CDLFT 
a s eMi^^f)^S a i t o ^ (Saito et al. ; Biosci. 
Biotech. Biochem. , 1997, 61(12), 2076-2079) ^Ci: o 

50 x^u-yit^tix^^. ^(Di^kmmifimm^n^t. 
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[0 0 0 5] 

Xr^^nrch<DX^^T. Sff,^IL ft a s e COH^. D 

FA I YMmm ^ i*mbmit. ^mj)mmmmj:m<D lo 

mm^^mtl^X-fZ^tltchOXh^^o ^fc> DFA 
bTVi;^j:V^fcs6, DFA I V <Dmmm±MWi^^^iL 

T^\z\t. vnycDrnM^^-mx-^^h. mm(ommm 

^^(Dmmm^m'^nx\^^^mmmmz\z%'ox\%. mm 

mm^xh^. 

[0 0 0 6] 20 

m^^rz:mzu-^tifz.%<Dxh^x. m^tix^, ite 
^x^. ^u^v^^yy-c-mmf^xo^-mt^^mmv 
fz^M. m&(DM^^mMm.m^hFT a s e. z.n^m 
fflT^DFA I Y (Dmmmmm:Si[iRzfmm:^&^m 

[0 0 0 7] ^fz. mntvxm^^^u/^yiz-^i^^x 

^o:>mmmiKm^m:&&^mrz\zmmf^<Diz^Tjj 

^mrzizm^r^<D\z^^v. b;o^fe^<^Mi±^^^^c 30 

^z:ttx<. :ko:>i.FT Si s e^mizmf^^z.t^^x 

m^m^^x. aoFA ivoDfts^ mm. m^mit 
tj^x^^ti^^o^fD^x^mt^mmm^^n. mm^m 
nth. ^^^x^wiT^^tf3:<mmvxMmmDFA 
I Y^±mizmmT^:zt:\z%\tc^x^p3V. 

[0 0 0 8] Z:<D^^\Z. —^(Diimx. v-^^^m^cD 

m^m. mm^mmr^ tt%\z^m(Dmmys:mm^n 

mmm\z±m^mx^^z:t.\t. ^^\zmmmf^ziLx 

[0 0 0 9] i^T. mm^mnwMt.iyX— 
m(Dmmz^r^'DF A i Y^m^~t^-)j^^m\zh'o 
xmm-^^m cms) , -m<Dmv^<Dm^xKm^mm 
^—mMX)m\^> ziti^m^^x:k<DK^.^nommm^ 

^"sifg-es^u, mx\ttym-^tix\^^^yny^m^^. 

^n^CL FT a s e t:#IS$1tTDF A I V^Sitt- 
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wm^^mizt^o. z.(Dy u-izLtLi^^-Dxmm'^^. 
[0010] v.ny\t,. /3 - 2 , ef^g-^i^co^^u y 

>o^e)fci:^^j»M) -e^oT. UM'PRm^m\zmim-t^ 

nmtmW^tlX\^-^^o ^VX. UnyU. Baclllussu 
btilis. Bacillus inegatherium. Streptococcus saliva 

xiu^m(Dmm\zj^^xmm^tix\^^^f3^. -^mmumz 
9mmrm^^^m^vrz^<Dx^^o 
[0 0 11] -tuf:>t>-*^mm\t.. iiy^Tmizm-r^y 
/iy^mm^fm-^mm^xmrn'r^zLtiz^r^. y^ 

y^±^-t^z.t\z^r) uny<Dmmm\zmmf^%o:> 
x&^. 

[0 0 12] *:^0^^C:feV^T^l, ^y^TmizmT^U 

/^y^mmxmmi'r'^x(Dm±mt^mmx^. 

MchbT-t^^T' yj^zitlA (Serratia levanicum) 

^VX^\z±y^Tm(D^f)^^ijmm^7.^U-'::zyif 
T^<7)fC^ajb, ^cOf^CD IW^S e r r a t i a 1 e 
V a n i c um NNt*i:#€rb (i^T. ir^^TNN 

^Ff^CFERM P - 1 7 8 9 5 izLT^KLj^o 

[0 0 13] *:^B^^^^T^^cii. mmt^^^^rm 
t^mm^^^'^^m^^$>D. m^it. i-35%#s^ 

±y^Tm(omm\^. mmizfpm^^^'&v^rc.^^m 

s.mM. ^^-"^jimizmm^iiu^. ±y'^Tm<Dm 
mizmvrcpH (6-7. 5) > mm (2 5-3 5^0 
\zmmvxmmTmt^\r\ mm(D^mm\t. mmii. 
mtzD. 10 — 4oog. mMizui 0 0 — 3 0 0 g. 
mzwmizi-^ i5o-250g ,h*r^;o^\ ±mmm^ d 

[0 0 14] c:oj;5lc:LT*.^0J#ei^. ir^^^TM 

mm't^':^m^m^^^<D\z\ti:^x&^vrzo ^ut 

^^x^mT^y/'^y^zitmvx. 0-2. im^^^'p 
f3i\^mmm<Dy/^yx$>^. ^(Dfz^. ^.y^-rmizm 

^^mmiz^^x±f$.^^y/^y\t. :t u ms 

LVxmVX:^r)^ m^^X:tV::^M^%^Z.t^^X^ 

^j^x^mnx^^^o Vfc^^^x. z:o:):^m:xmrcy/^ 
y^mm-rtii^t. :tuzim<D-mx^^DF a iv^ 
mmT^^mmiz^^x\t. ^(Dmm^Mm^^izm^^ 

Z.t::fy^X^^ti^'^3mm'^m^n^. ^lt, 
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^ ± IB b S * ig M ^ ill- i ^ ft ^ lg ^ b c 

[0 0 15] Mis«?i^i. mm^^mm-vnvmmm 
-^fflppi (10-3 ommmm) mmvrcm. mit 

[0 0 16] ?^a]?a^rS^l> *ig«*tTfg7d:l^L-^ffl 

mmmm. ist l fc p h *:±^f § tth izmM.izmmr 

:zn^7^mm^i[ktmrc\z^^i.rch(Dx$>^o 20 

oUTtt. ly/^y^j^mt^iz-^izmiytzt^t-r^ 

1/ ; t > ^ ^ M 1^ ^iti ^ * PI CO Si ^ ^e: ck 0 * sf) -5 C 
;^^*T # ^ ;i ch ^1 a ^ c7) .^r T * ^ *&S»J^ 
\Z^'oX^^Th<kl^L'. -^ZS/^\t. pHtrSiJ^bT 
pH/^?^^3. 5-5. snmzt^xmTVtch^tVXh 
JcV^o ^fc, 5-2 0B#fs1S31ftlC|| 

Tm^m^VXh^lK 30 
[0 0 17] e:(7>j;3J'bT»«^4^Jhfj:l.^b*ITb/t 

iSTbfcpH^i^f (pH4. 5-7. 0). fSr^ 

(2 0T:j[^T. »^b<m5ri^T. Mic$?^b<^^ 
1-1 ot:) iciftjfr^o "ta^mfm^. ±,mt.mm\zi. 
x\^nyo:>^^m^m\'&\^x}^-^\zfz^rcL^^xt 

[0 0 18] ;::<;:) J; ^icbT?^aifa^bfctti^. m&z 
bfc;^^*oTl/A>^[El«-rn«cfc<, #Jx.^f. iS«#ico 

@?s5i^ii^fTv:^ mm. m>bm%. ^tiy^-y^ym 40 
nmz^^) . m^ntzmmmizA Q 0%. &m 

b<^^5 0-7 0 %T;^a-;l/^^IPX.TW^*>€r^t»i± 
b56T> u/t>^m&tzmhLxn^o ^vxi^^^^n 

a. cn^$!:^#bTafe^^ff^*&*«<z)i//t>^#^o 
y)Vzi-ji^ti.x\t. M^J-)V. y^unj-)V. -f y 

yPAV—;!/. Ji^J—)V. sec (X^^ 

t e r t) y^y— ;k TS;i/T;i/r3-;^. -fVT^il^ 
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[0 0 19] z,<D^o\zi.x-Km-mi^rzmmi-ny^ 

ffll^T. ^ltl^Si«?gJCS?^»b#enfcl§ll^J-L FT 

ase {-XUmmm ^SSPb. l/;t>^i^«bTDF 

3 0 — 4 Ot:^::iifflb. 5 0- 2 0 0 r pmTit 

WVf^t}^^. p H€: 5 - 7 iCflfib. LFTase (X 

^i^HObT. f?i];^(^^l 2 - 3 BPtPsI-^ 
^S:JS^fTl'^. kA^>75^bDFA IV^M^bTt)cfc 

[0 0 2 0] ^^l::. DFA IV'^^Kmizmm't^'L 
F T a s e iC-tDl^Tai-^-So 2^^0^lc43l^T^^. tul2b 
fz^oU^^.^-^VU^^. |§ '14 O I. ^ f <rn L F T a 

iia^x^W^ffi^c^g b. mir^^$a^^iSs5^ 

[0 0 2 1] f fj:t)-^*^0J«e>i'^. S a i t o ^tim 
m't^(D\zm.-mvrzl.FT a s eJtg-^CD^^lS^:^*! 

iztk^vxmmwi^^'m^^rz^. 'thx'^tit.mmz 
m.^^^<r)mm\zvxm^<DM\^mm^mm\zm%^^ 

fz^. LFTa s eae^c7):t-7'>U— x-^ >^*'7U 

-A (I^T. OR F <hv^5 CchfeS)^) 0.?^(7)ffMff^ 

^K^. -^mmmm^^. m^corfco^xib^ijco^^ 

^C^SjbfCo -ebT, P CRffi^CcfcoT^ODORFcD^ 

TCo -^bTGS - 90^'fe{*:DNA^^iy<hbTP CR 

[0 0 2 2] ^ItX^. p ETPSy-^X^ H^:^7 

p ET - 3 ay^X^ H^^:^-a5-^;i/5^^a--:::: 
y^^^-< Y\zm^\^X. ff7tfj:^^:7^^x^ F p ET/ 
LFT s a^S^bfco ORF(7)WDaib^*. LFTa 

mr±TffJPS^*Nd e I 43J;I/B amH I %{tL^{%m.^ 
^^liiTfrV^. #^rORFO>'U~-A^'&t5i±;^o ^ICD 
T^^X^ H--^^37-^C^l:^MM4»T^^*^teT-i:bTa 

aiR-e^^. t 7 b a 

_c_X'P^"~^^jO^^SA^flT^O. I s o p r o p y i 
— /3— D—thiogalactopyranos id 

fZo 

[0 0 2 3] dCOy^X^ H^^:^ — ^AMKBL 2 1 

(DE 3) mizmmmmi^rzwrnmrnit^E s c h e r 

ichia coli Bb21(DE3)"pET/ 
bFTs a<h#«b. X^S«l^^#X#X^St5W^ 
Hff^CFERM P™ 1 7 8 9 6 tbTS^tebfco Z:<D^ 
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^^CLTfiJSLfciJf^-M^mf^li. #m(cB^v^L FT a s 
ef^tt^f^tfLT^oD. *^0Ji^CJ;n«\ (GS- 
9*) (T:) 5 — 5 Ofg, S a i t o b7^?^^ti^-r^c7)^C^5^ 
bfc. DNAii^^pBB™ 1 ^^Abfc^^MM J Ml 0 
9 W i-Xmm JM109/pLFT™-BBI : #§S¥ 1 
1-69978. PERM P-16316) (T) 2 2 

[0 0 2 4] Z.(0^0\Z.\.'X%m\^fzMmMM^^^^ 

t-^^ch^CckO, LFT a s e(D::^S^^^^^pJtg<i:fc£o 
fco fS.^. L FT a s e 

^b?^cfc35, tg«IITtf. m^^mMX.. ±ff€r«ffliS 

[0 0 2 5] *:^BJ^c1^^L FT a s e afS-^mt 

a s e :in^ U/^^XCf^ffl^it^ C t J; DF 
A lNmhW^m\Z.mMt^Z.t.i:fi-^^^o -^COKLF 
Ta s eJ^. #liMSLfcfecDCD^^;5\ gg^^mUfcfe 

[0 0 2 6] (1) f^ffi <?^? 

:7^^5^>cr)l/;\^>^^»L, DFA IV^^^^t^ 

[0 0 2 7] (2) :^«COffl^a 
:2^®^fStf^^^ S a i t o (Saito et al. ; Biosci. 

Biotech. Biochem. , 1997, 61(12), 2076-2079) (D-lit^ 
^C^UTffofCo 0. 1 MU >K-^ h U ':>A$S«f« (P 
H6. 0) *"tr, «l»ffi;^n 0 g/L(h;'j:^itJc:l//1> 
^^»$1irfe»Si§«EC, »«r^t^^fg#LT. 3 7t: 
1 O^^r^l^EiSbfCc -^coft. M^&^wt€r?»S7K4^T5 -^t? 

^ciMmo 1 co^,iS^^$^^^L;^B^M<hb;^o 
[0 0 2 8] (3) ggftSte 

[0 0 2 9] (4) M^gpHRI/^^pH^H 50 
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^^6. OT$>D. pH4. 0:^1^6 12. 0 OBJa^/^^H 
[0 0 3 0] (5) Mjg^^Rt/^^a^tfiB 

^3ii^^^*5 ot:T*>D, 4 or ^T^^-e^o 

[0 0 3 1] (6) pH . 

(4) lea (5) Jc:fgaa:)pH:&m^S(7:)^#, 
^14 EC 43 1 ^ T> ffi MSft ^>'fS;T b T ^/^ ^ H i^i. ±:0>*^S 

i C 5 r^l ffi t# b m <7) H » ?S * (• ^ « II b T V i ^ . 

[0 0 3 2] (7) mm. fettfbRtf^^fb 

[0 0 3 3] (8) MST^a 
ff^KeitAM«c0^iBMllifS^llSb?tm. DEAE 
-ToyopearieSOM (mvltM) IS-r:t>^ 

[0 0 3 4] (9) '9f=^WmS'y^=fW(DWi'M.'j5'^ 

L FT a s ^ ^ y m.(D9f^wm'mt.. ^>/ti^Mco 

I^MMW^'^t.mnxz.. Laemml i (Laemmli : Na 

ture(London), 1970, 227, 680-685) (D^ti (CfiEl-^ S D 
S"PAGEJCj;DfTofco ^^Jl/CD?ftmit7. 5 % i: b 
:feo ^ >/t^Sco^'St^C o oma s s i e B r i 1 
1 i a n t Blue ^m^^fz.. -^<DM«, 
*5jc^ 5 0,, 0 0 0 D a iiM^^tlTc. CCOMI^. 3tf5 
^(t:) D N ASSiE^JjT^^ efi^$ 7 5 7 WMnt^ e>» 
m^n^^i^T-SS 3, 1 5 3 D a ^^MbT^J9, ffSS 

[0 0 3 5] (10) i^]B^nm<r)n'& 

m\%. DFA I V^lwI^^tlfeo 
[0 0 3 6] (11) 

c^M#^^ IC Ei 1/ / 1 > b t^J: V ^ o 

[0 0 3 7] 2^^B^f-^^if«p^Ei. ±iBbfcJifk;^ 

fij^ESiHPJ*-^ 1 <oy 5 ysia^i oi) T^^n^r^^ 

>;t^Mt)^CD l^ji: bX^j^^n^o ^(^Sil::5^i4Ec 
bTt). ^<7)it€^ (-^(7:)«^IB^ii^S[JJJ#^2, 1112 

EC^-T) ^^^bfcSrSff^KS^f* (PERM P - 1 

7 8 9 6) ^mm't^z,t.\z.^y)i^mmz.%^mmMm 
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[0 0 3 8] ^ICOJc^^cLTliSLfeffML FT a s e 

mm) mmvrc^mmm'i^(Dun>mm (phs- 

[0 0 3 9] DFA iv^mmitr^rc^\z\:^'^(D^ 
mm^M^^i^-m:^^^^o ^-r. dfa iv^mmiz 

< DFA I V(D^mm^m^^o >klZ. ^ODF 10 

^mmm^m^^T. ^n^e^n^rnvtcti^Aizmm-r 

miSfficD^DV hJffcai^b. r^ffiT^DF A I V®5i^ 

A ivm^m^o -^vx. zicoDFA ivm^^^m 

^mm^-^^Z,ti)^X^. DFA I Vlgs^^Siii-^ 

e:i:5^?^'-e^^o DFA iv^^trnmiz^^Bit-^it^iz w 

^CDMM (DFA I V/@?F^^i^W/W%) ^6 0 

%U±lzT^i^-^Wf)^^^o 

[0 0 4 0] DFA I Y^mm^(Dm(Dmitizm^^^ 

tl^^ —X h^lSaccharomyces cevevisia.elzM'^^^cO 

-f-7.hmn.mmmmizm^n:hDF A iv-^m 

^-^mizm'^n^mm(Dmm'^^±^^^^ mmmmf)^'p 

fs:<-fx^(Dx»^hh^o -f-7.h^±mT^m^iz\^. 
M'^. mmmcommumm^o, oiw/w%^icffiit so 
-^n^^^. :^mM<Dm^. mmm<DDFA iv^*?^ 
(Dmrnitm^^j-i o^^b e ow/w%cD«gfflT-r-x h 

mm-^n^zit. ttf^vKit. 3 0-5 ow/w%)^^'m 

[0 0 4 1] DFA iv^mm<D^—xhmm<D 
um\t. 3 o~ 3 7t:TfT^^n. DFA iv^mm^ 
(D-i-T. hmmmt^(Dmmmm\t^mitmmmiz& 
D. ^<Dmmmtmmmm\tm'S:mm^n^h<Dx$> 

x> ^u'^h^yy^-(Dmm\zmm^^m.mm-( 40 

hmmT^z.tmx^^o 

[0 0 4 2] i^±. ;rnecoSfr5^|gffiL. wpm'^^^<D 
DFA I v^s^^^i^ • mmiti^rzo fpmi ooocf 

^A^a^e^feJ:-^ 1 5 0-'2 0 0 i7*^AK±OiSMjK (9 
0%l^±) COD FA I V*-®:5j^^M3gt-^e:a::0tpJ 

[0 0 4 3] fx^. -f-XhffiSm^ WMf^cOTSn 5^? 
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U (8 0 - 1 0 0°C) . iSISb. iMSSaSIC^tTLT^ 

[0 0 4 4] ^T. *:^9^<D*MWJ:::3t^TM-^^o 
[0 0 4 5] 

[*MPJ 1] TT^^TNNffl (FERM P--1789 
5) ^fflViTl//t>CDM3t^fTofco -fe^^T^Oig* 
^1, Yoko t a6 (Yokota et ai. : Biosci. Biotec 

h. Biochem. , 1993, 57, 745-749) , ^J^t^Koj im 
a «^ (Kojima et ai. : J. Ferment. Bioeng. , 1993, 7 

5, 9-12) (D-jjm^^^\z. z:n\z^^^mvtzo u 

[0 0 4 6] MMMS 5. Og/L S#X4^X. 1 
0. Og/L 4^U^yh>. 10. Og/L 

hu^A (pH7. 0) (Dmmx^^mm (mmit\^^ 

±y^Tm^ iB^Mmmv. 3oxzx\ 2 4mm. n 

[0 0 4 7] 2 0 0 g/L WM. g/L 

S#X^=-X. 8. 5 g/L 4^U^7'h>> 0. 3g/ 

L ^^)vzi-7. (pH7. 0) cDa^Tfc^igtt (mm 

2 th^O Z,tt^^^) 2 0 0 L^X^>UX©-:/^ 

-yT;>^>^" (BiLM^mm. ^'f)iF~~0 2) \zm 

LThmmitm^ ^DT, urns ox:. It^SOrp 

m, mm,i V vrnxmrn^ff-^fco urn. ph. 

[0 0 4 8] ig^nT^r-^aim^^ mmiommm^ 
E^tv. mmm'f^mi^mhmimvx. ph^om. o# 

^ti^m^zmrnvTco 

[0 0 4 9] ±i5Ufci3^c. mmi tmm2^m\^\ 

2 0 0 'L^COy r — ;0^ — X'^^^Tm^^^L. V 
/t>^^«$ii-fCo ^<D0tOM31^0 9 ^^:^bfco 10 

ptPBis3iP#^cpH^iiSb, ?&ai^ist-^t, l//t>^ 
<F^'mmz\m\.^mm^%'o . vny^^(Dmmn^ux 

^x^-bTV^^o y ^xnKit©*fiScoSi^fm3 0 
[0 0 5 0] 6 5 7-;|/Tl//N*>^a:^i±b56 

fco e:ti^3S^il^:«^gfSflabTi-;i>t:^i^ii. [HiRbfco 

[0 0 5 1] 

[*JIM 2] (l)Arthrobacter n i c 
ot inovorans G S - 9 *^<D l/;t>:7;i/i!7 h 



11 

h^>X:7:3:^"-if (L FT a s e) mB.=f^(D^-y^ > 

n-'TH y^'yv—L. (ORF) (D^(DmM. 

l^PID S amb rook ^(D'ni'^ (Sambrook et al. : 

olT;!/. ^2 is. 1989¥) icSEoTfroTCo 

[0 0 5 2] L FT a s eiie^CD^^i:?^ttlc:£^Wfj: 

e J::ffl^'r^®e"?<7:)^J iit/^^^^T^^o Salt 
(Saito et al. : Biosci. Biotech. Biochei., 19 
97, 61, 2076-2079) ;O^*^0« b fcafe^lf IS ^S^cKft* 
L/^Co L FT a s e«e^^-^t^5te^DNA(D*»E 
^j^iB^y#-^4 (114) ^C^U (4gSIB^iJ9 1#@;6^?> 
S*iH?« 1 6 4 4#@^"T:^^X FT a s eS^^cDOR 

F) . ^n75^s*s$n^L FT a s e coy ^ y^ga^o 

^IH?iJ#^3 (0 3) ^C^bfco 

[0 0 5 3] ^TlStm. iS^ya(0iH^iJS-^4 
T. SXiS^y l#S;0^b9O»a^T<h. LFTase 
C0«3tme^(^"-SBTf*>'5SSiH^y 9 l«@^^e 1 8 9 
Sa^T^I^St-^. 4i»IS^I9 l#B55^6 1 8 9S@ 

LFTa s e (D«?DOi/^^:^;^^:/5^ FlH^lf::: 
ffi^-r^:^Hff (T^ /KiH^O 1S@:^^^ 3 3#H) 

U^^^o ^UT^?>^r, ff^c^mi^n H>^#l}p^^o ^ 

fc. F>cr)Ii:M. ^ci:D^II^^&=i HXDmttT, 3t 

[0 0 5 4] mMWM 1 8 7#@:^>6 18 9 

^mzm^uYywM (a t g) mm^mw 

^^^mz.. fttJPMS^Nd el (c a t a t g) 
^, ^bmj&ri H>a5l;iB amH I (ggatcc) 

^(^7^^^ V~$f^fib. GS ™ gScD^fe^DNA^ 
^M^CP CRMJK^fToTCo T a q4^U ;<^-iil^ma 

PR^^Nd e I i:B amH I TMSft, 31^fc?:y^^XS 

^>Xi3:cfc D«iSU7Co L FT a s e (D^«3gme 

T^'^Cll, MRgP^Nd e I i:B amH iSKfe^l^ffib 

[0 0 5 5] ^t.t>^t.. Bft^nfcSS^^. ^^cOck^ 
JCfji^fco iB^J#-^l 8 6#t:c:0^eT-x. iS^J## 1 
8 7#^g;0^^)A^, E^iJ»-^l 8 8»t:c7^>eT^. 

IB^JS-^ 18 9 c e> G^. 

[0 0 5 6] IB^ilS-^ 1 6 4 6 ct^hQ^. fd^W 
-^ 1 6 4 7S^ c :?0^e> A^. IB^OS^ 1 6 4 9S^g75^ 
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X. MISSH^N del (catatg) iiBamHI 
(ggatcc) gEfi^^fiSJW^Cff DfcBbfco S^ch^^BB 

[ 0 0 5 7] ± 15 b 7t IS It CD ^ M (' ^ . P C RffiXff o 
fco L FT a s e OORFOD^^^iiMT^fcS^IC. Sa 

i t (Saito et al. : Biosci. Biotech. Bioche 
in., 1997, 61(12), 2076-2079) CD^WbfcDNA^* 

iB^jj^##ir bT. TmcDDNAMmm^^-r^s 2 

10 f^MbfCo Z.n^CDZf'y-C^-U. DNA^^S^S (T 
[0 0 5 8] m^-^ntz-p CRmm (LFTasecOO 

Nd e I *^:B amH I <D2aS^^^bfco -tr>X:7°^ 

-f-T-, T>^ir>xy^'f V-^|B^JS^5. 6 (il 
20 5. 6) ic^b. El*. M^^nfcmX^lTII^^b 

[0 0 5 9] cniiOTJlCS a i t o e> CD^ffiJC J: 0 P 

SbfcG S - 9«(D^'Sf*DNA<h. ±tB 2 SSCO^?"^ 
^cfcl/P CR^jSffllSmii^tl^b. PCRS 
jS^fT-QfCo T a qDNA/^U^^-if^l^fi3tSi^DS 

^s^^v^fco pcRMiS^#^t> mmmfi^i 0 

°C(Dl5^m. 6 8r:(7:)35i^Mchbfeo it*i$n;tLFT 
a s e<DORFiflt, ^ 1, 5 0 0 :^»?t(7)D N A:S* 

[0 0 6 0] (2) LFTa s eCDORFthT'^X^ H 

(1) COP CRKJtM (L FT a s e COOR F»?)t€:# 

tr) /-Ji^ttm&xmm.'mmm. mmmmNd 
Mzm&xmu ' mmvtzo cntmnizvET- 3 a 

:7°^X^H^^^- (^fiitfi) ^MPI#*NdeIi: 
B amH I X2Sf^ft:b. X.^ / - MZM^Xmrn. ' ^ 
Sbfct>cD^PSb. 5fe^cMK$nfcPCR;g«i:^-f 

y^}^^^^ — ^. p ET/L FT s a .h#«bfc (Ei 
7) o r^^. t^5KC0pLFT-BB lCD«^t)^bfCo 
[0 0 6 1] (3) T'^X^ H^:^7^--~pET/LFT 

s a(DMm^m 

(2) X^Sb/::, y^X^ H^^^-pET/LFT 
s a \tH a n a h a n (D. Hanahan : Techniques for 
transformation of E. coll, in DNA Cloning: A Pract 

50 ical Approach, Vol.1, ed, by D. M. Glover, IRL Pre 
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ss, Oxford. 1985, 109-135) cD^S^rSfV^. h— hi^ 
BV^^-r:. ±mmB-L2 1 (DE 3) ttcon >-t:7"> 

fb$n7tm^5TM^^;t7Cfliffi^Esciierichia co 
11 BL21(DE3)-pET/LFTsai:^^b. ^n&X«S«P:S^ 
#X^X^affiW^l^tC. PERM P-17896.h 

[0 0 6 2] (4) Escherichia coli BL21 (DE3)~pET/L 
FTsaircfc'&LFTa s e (D^M 

Escherichia coli BL21(DE3)-pET/LFTsa (PERM F-1789 
6) 1 0 0 u^^^A/m 1 coy >e>''J >^ 

5 m 1 cDL Bist-iT, timmm^m^^m^i^fc 

}^^ttlrlsopropyl- j6-D-thiogaI actopyranoside(IPTG) 
(*l) 
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bfc. L F T a s e |g 

[ 0 0 6 3] ^KDJc^JCbTliaL/c^iittBL 2 1 
(DE3) -PET/LFTs aCOMMBSffiai^ScDLF 
Tas e^^^'\±^^&lzLrzmh^m^\^rctC^. 10 
5. (mi) T^oTto ^IniBJ^Cctn 

. Tct* (G S - 9 M) (Ditl 3 0 S a i t o b CDIS 

mi$-mz6^mmm) . mmmmtmmmimimocDm. 
imzmwvTbmvfz mi) o 

[0 0 6 4] 



S 1 : 1/ > y )l h h > 7x :7 zl — if gtt(Dtbl 



m L F T a s e ffitt 

(U/m 1 «^M) 



TcftA. nicol inovorans GS-9 Mtf:^ 
pLTF-BBl/:^MMJM109 
pET/LFTsa/:;^MMBL-21 (DE3) 



3. 3 
17.6 
10 5. 1 



[0 0 6 5] CCDMiaS§ttlliWt50^b^SL FT a s 

t-hu^A^WJig (pH6. 0) \ztr\^-mMm\^fz. 

-eLTfflf*i:bTg|fiwlT¥M{t:bfcDEAE B i o 
-Gel A (yt-frt-^^y F») V^?tP4-f ^ >32 

^n(r)m^,\xwm\^'^\z^'^f\-^M.{\L^ v u ^ASit^ 

0-0. 4M^Ti£ff<e^^c:^{l::$ii:Tff -3 7tc ^ri^cifif 

LFTa s e^ti®^3^&?ll^L.. 

:i<Da»^?$€ 1 OmMU >^:^ 

hu^Aiiitf^t (pH6. 0) \zti\^—m:m.m\^fz.. c 

[0 0 6 61 

immmSli LFTe s e€rJlV^TU/t>i:ODFA 

I V^Sigb/^Co 

[0 0 6 7] (1) ^izm:mvtc±y^Tmmmm<D7% 
mmm^(Dmm^. T)v::i-)vizj;:^unymm^ffv 

Z.tt^<. 3 7X:\zmmh. l O O r pmTM^b;^:^^* 

pH^6, oHmzmmvrzo zco^oizvxntc 
UJ^y^-^mZ 0 0 LIZ. ±mxmMvrcLFT a s e 
mm (lOOVXml) lOml^*JJPbT^ 24^ 

I Y-^mKm^n^fzo 

[0 0 6 8] il^5^TMCDtg«?g*^^6 l/A^>^^^[Hl 



I Y^mKmmizmmmmm^izu/^y^mMx^^ 
nm^'^m\z. »*>sjSPtos3ipH^cpH^iiMt- 

;^tBje/^^i:fj:ofco Z(DZ.tXX.^ J-)Vltm\Z^^V 

ny(j:^Mm.i)^'^'j^^W\zf^ o . x:^ y -;i^a:«Jw^5&ffi-r-5 

[0 0 6 9] ^fz.. ^O^OSff-Tr-r-T. hM^^ftlb 

T. *fficD»^i^^i^*-r^x^/^^*#ffit- ^t:?^^ (ccDti# 
4c» s-r^p^RiSfSc^ss^^. i-4oa«%. »^b< 

^15 — 3 OS»%T^ofCc 
[0 0 7 0] (2) ±l5(CcfcD#e>nfcSSRjr4S (D 
FA IV 3 2 0 g^^W) 1 0 LJr/1>»S: (n^y^^ 
>-f-Xh. iSd^p^) 3 0 0 g (7j<^j^6 6%) 

b. 3 or7r2 Ammm%mmhtzo '^(Dmmm.^mm 

bfcti:. ^ilSbTB X 5 0 ^;iilSb?to F^g 1 2 c miS 
^79 cmcDli-SgS:^^^A}cNaSi:bfc?i^tt^-1':t 

>^»»t)]iAmb erlite CR-1310 (fSd^p 
«) 7. 6L^7fe«L, cn^cMIBiiag^^^O. 0 2/^;^ 

5^ 6 0. 1 oL/h-R/ i-^-i ^ )v. '^mmmo . la 
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Lfco DFA I V|€SC0®l'«5^^^imL-. DFA 
FA I v®^3^^M^b, rl^MO. 6kgJ-ffittM^ 

MK99. 9%CDDFA IVISai20g^# 

[0 0 7 1] (3) ±feLfe'l'~-X hMSf^c^a 

DFA 1 OlC^ b Tc^frT. :^5^:t> 

fiDFA I vmm(DHP L ciz^^^mmMhm 1 o 

iz^iytz. ^(Dmw:-fy^t>m^'^^ti^viz. MMmmiz^ 
^x:^mm^^mm^x^^tt.^iz. ^a^hmmz 

cfcoTDFA IV^^m^ WZ. m^. .«IIOD*r^^ 

[0 0 7 2] ^(Dmu^t}:zXL.\-x. m.n.^.\z^^^x 

:k<r>t.^K>x&^. mi i\Z7B'f^o\z. ti^^y 

m^%±^<. mmm<DT)FA iYmm^%^z.h\z 

^S^jbTV^^o (HI 1, HI 2) 30 
[0 0 7 3] Tn:t>^*mSi^^e>tBT#fel^^iUiR'r 

4^AfcHtT;^cC < B {-i-T. hM5iP$^c^j5jcb?t^^Uira 

Z.t\Z^^X. 0%m±CODFA I V^lg^m 

iR*7 0-8 Q%X%^Z.L-m'^mXh^o 
[0 0 7 4] 
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mmomm if%m\z%^mmi-^FT 3. s e^i-/t> 

[0 0 7 5] *^0J^r#^L FT a s e 1^ (IWI^SMe 
™2, 6 :7^^37>^M7c*S7J?^b~»^fii:i^ 

DFA I Y ^mm&dizmiM^^ z.tij^x^^o bj^^fe 

[0 0 7 6] :^^miZ^^X. ir^^^TSS^ffi 

ffl t~ -5 se 5fe * fti o Ht b V ^ ; t > CO S3t 50^^ H ^ $ n> 

^ ^ ft I fjf ffl T ^ c (• c: cfc D . Ix ; t > o^^jcJA* ^ 
M iCiS S5 ^ C ^ /Oni b a6 T pJtg ^ fj: D . l^V t > O 

jimmmm. iziti:^^ t^s? b fc ^ t ^ ^ « 
[0 0 7 7] z,<D^v^z. ^mMiz^-DX. mmx$>^ 

U/^yRZSh F T a s e (D±m±Mf)^^m ttl^ TzCD 
X\ fi£5fefc£b#fj:)5^ofcDF A I VCD±a^^7^nib 

nrz(DX\ ffiltiScDDFA I V^:;^Mt»3tt"^i) C-i: 
mtC^X'^m<tU'DfZo hfzm-oX. DFA I V(7) 
11tH4:fen°p^ E^»--coM?^ci: ^ X*«iSffl /^^^ oTte ^ o 

[ 0 0 7 8] ^O^x.. *^HJ!I'^. ffiS:^^^>DFA I 
V CO IS a^B ft * T CO — S CD X-g ^ 4^ fr-r ^ C i: fj: < jg^ b 
T^M-e^^ii^^^S^e^J^'Ji^m^r^bs mg|S'f^> ffi 

DFA iY^mm't^z:t-/)^-^mtu^tth\z. m 
m<7^^m^\mizhmrz\z^^m<h<Dx^'DX. mmm 
mzMi^x±^rj:Mm^t^'rt>o:)x$>^o 

[0 0 7 9] 

mmm 



SEQUENCE LISTING 
<110> Nippon Tensaiseito Kabushiki Kaisha 
(120) Production Method of DFA IV in Large Amount 

(130) 6337 
(141) 2000-7-6 
<160> 6 
(210 1 
(211> 485 

(212) PRT 

(213) Arthrobacter nicot inovorans 

(400) 1 

MET Gin Ala Ser Leu Arg Ala lie Tyr His MET Thr Pro Pro Ser 
5 10 15 



(10) 



17 



Gly Trp Leu Cys Asp Pro Gin Arg Pro Vai His Thr Asn Gly Ala 
20 25 30 

Tyr Gin Leu Tyr Tyr Leu His Ser Gly Gin Asn Asn Gly Pro Gly 
35 40 45 

Gly Trp Asp His Ala Thr Thr Gly Asp Gly Val Ser Tyr Thr His 
50 55 60 

His Gly Val Val MET Pro MET Gin Pro Asp Phe Pro Val Trp Ser 
65 70 75 

Gly Ser Ala Val Val Asp Thr Ala Asn Thr Ala Gly Phe Gly Ala 
80 85 90 

Gly Ala Val He Ala Leu Ala Thr Gin Pro Thr Asp Gly Lys Phe 
95 100 105 

Gin Glu Gin Tyr Leu Tyr Trp Ser Thr Asp Gly Gly Tyr Ser Phe 

110 115 120 

Thr Ala Leu Pro Asp Pro Val He Val Asn Thr Asp Gly Arg Thr 

125 130 135 

Ala Thr Thr Pro Ala Glu Val Glu Asn Ala Glu Trp Phe Arg Asp 

140 145 150 

Pro Lys He His Trp Asp Ala Thr Arg Asn Glu Tip Val Cys Val 

155 160 165 

He Gly Arg Ala Arg Tyr Ala Ala Phe Tyr Thr Ser Pro Asn Leu 

170 175 180 

Arg Asp Trp Gin Trp Lys Ser Asn Phe Asp Tyr Pro Asn His Ala 

185 190 195 

Leu Gly Gly He Glu Cys Pro Asp Leu Phe Glu MET Thr Ala Gly 

200 205 210 

Asp Gly Thr Arg His Trp Val Phe Gly Ala Ser MET Asp Ala Tyr 

215 220 225 

Ser He Gly Leu Pro MET Thr Phe Ala Tyr Trp Thr Gly Ser Trp 

230 235 240 

Asn Gly Thr Ala Phe He Ala Asp Asn Leu Thr Pro Gin Trp Leu 

245 250 255 

Asp Trp Gly Trp Asp Trp Tyr Ala Ala Val Thr Trp Pro Ala Val 

260 265 270 

Glu Ala Pro Glu Thr Lys Arg Leu Ala Thr Ala Trp MET Asn Asn 

275 280 285 

Trp Lys Tyr Ala Ala Arg Asn Val Pro Thr Asp Ala Ser Asp Gly 

290 295 300 

Tyr Asn Gly Gin Asn Ser He Thr Arg Glu Leu Arg Leu Glu Arg 

305 310 315 

Gin Ser Gly Gly Trp Tyr Thr Leu Leu Ser Thr Pro Val Pro Ala 

320 325 330 

Leu Ser Asn Tyr Ala Thr Ser Ser Thr Thr Leu Pro Asp Arg Thr 

335 340 345 

Val Asn Gly Ser Phe Val Leu Pro Trp Ser Gly Arg Ala Tyr Glu 

350 355 360 

Leu Glu Leu Asp He Ser Trp Asp Thr Ala Ala Asn Val Gly Val 

365 370 375 

Ser Val Gly Arg Ser Ser Asp Gly Ser Arg His Thr Asn He Gly 

380 385 390 
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19 20 
Lys Tyr Gly Asp Glu Leu Tyr Val Asp Arg Ala Ser Ser Glu Gin 

395 400 405 

Ser Gly Tyr Ala Leu Ala Pro Tyr Thr Arg Ala Ala Ala Pro He 

410 415 420 

Asp Ala Asn Ala Arg Ser Val His Leu Arg He Phe Val Asp Thr 

425 430 435 

Gin Ser Val Glu Val Phe Val Asn Ser Gly His Thr Val Val Ser 

440 445 450 

Gin Gin Val His Phe Ala Ala Gly Asp Thr Gly He Ser Leu Tyr 

455 460 465 

Ala Asp Gly Gly Pro Ala Asn Phe Thr Gly He Thr He Arg Glu 

470 475 480 

Phe Gly Asn Pro He 

485 

(210) 2 

(211) 1467 

(212) DNA 

(213) Arthrobacter nicot inovorans 
(400) 2 

caTATGcagg catccctccg ggcgatctac cacatgaccc cgccctcggg ctggctatgt 60 
gatccgcagc gacccgtaca tacaaacggc gcctaccagc tctactacct ccactccggc 120 
cagaacaacg gaccgggcgg atgggaccac gcgaccaccg gcgacggagt gtcttacacc 180 
caccatggag tggtgatgcc aatgcaaccg gacttccccg tgtggtcggg atcggcagta 240 
gtggacaccg ccaacaccgc cggcttcggc gccggcgcag tcatcgcgct cgccacccaa 300 
cccaccgacg gaaaattcca ggaacagtac ctttactggt ccacggatgg cggctactcc 360 
ttcaccgcat tgcctgaccc ggtcattgtg aacactgatg gacggacggc caccaccccc 420 
gccgaggtgg agaacgcaga atggttccgc gacccgaaaa ttcactggga cgcgacgcgc 480 
aacgagtggg tctgtgtcat cggcagggcc cgctacgctg ccttctacac ctctcccaac 540 
ctgcgggatt ggcaatggaa gtccaacttc gactacccca accacgccct cggcggtatc 600 
gaatgcccgg atctgttcga aatgaccgca ggagacggaa cccggcactg ggtgttcggg 660 
gcgagcatgg acgcctacag catcggcttg cccatgacct ttgcctactg gacaggttca 720 
tggaacggca cagcattcat cgccgacaac ctcacaccac agtggcttga ctggggatgg 780 
gactggtacg ccgccgtgac ctggccggcc gtggaagcac ctgagaccaa gcggcttgcc 840 
acagcgtgga tgaacaactg gaaatatgcc gcccgcaacg tgcccacgga cgcgtccgat 900 
ggctataacg ggcaaaattc catcacgcgc gagctcaggc tcgagcgcca atcgggcggc 960 
tggtacacct tgctcagcac gcccgttccg gcgctttcga actatgccac ctccagcacc 1020 
acccttccgg accgcacagt caacggcagt ttcgtacttc cgtggagcgg ccgggcgtat 1080 
gaactggaac tcgatatttc atgggacacg gcagcgaacg tgggagtctc ggtgggccgc 1140 
tcgtccgatg gcagccgcca tacgaacatc ggcaaatacg gtgacgagtt gtacgtcgat 1200 
cgcgcatcct cggagcaaag cggttatgcg ctggcaccct acacccgcgc cgccgcgccc 1260 
atcgatgcga acgccagatc cgtccacctg cgcatctttg tagacaccca aagtgttgag 1320 
gtgttcgtaa attccgggca cacggtggtt tcgcagcagg tgcacttcgc ggccggggac 1380 
acggggatct ccctctatgc ggacggcggt ccggccaact tcaccggcat caccatccgc 1440 
gagttcggga accccatcta agGAtCc 

(210) 3 

(211) 517 

(212) PRT 

(213) Arthrobacter nicotinovorans 

(400) 3 

MET Thr Tyr Asp He Ser Arg Arg Thr Ala Leu Gin Gly Ala Gly 



(12) 



21 



5 10 15 

Vai Giy Ala Leu Ala Leu Phe MET Ser Asn Ala He Pro Val Ala 
20 25 30 

Ala His Ala Gin Ala Ser Leu Arg Ala He Tyr His MET Thr Pro 
35 40 45 

Pro Ser Gly Trp Leu Cys Asp Pro Gin Arg Pro Val His Thr Asn 
50 55 60 

Gly Ala Tyr Gin Leu Tyr Tyr Leu His Ser Gly Gin Asn Asn Gly 
65 70 75 

Pro Gly Gly Trp Asp His Ala Thr Thr Gly Asp Gly Val Ser Tyr 
80 85 90 

Thr His His Gly Val Val MET Pro MET Gin Pro Asp Phe Pro Val 
95 100 105 

Trp Ser Gly Ser Ala Val Val Asp Thr Ala Asn Thr Ala Gly Phe 

110 115 120 

Gly Ala Gly Ala Val He Ala Leu Ala Thr Gin Pro Thr Asp Gly 

125 130 135 

Lys Phe Gin Glu Gin Tyr Leu Tyr Trp Ser Thr Asp Gly Gly Tyr 

140 145 150 

Ser Phe Thr Ala Leu Pro Asp Pro Val He Val Asn Thr Asp Gly 

155 160 165 

Arg Thr Ala Thr Thr Pro Ala Glu Val Glu Asn Ala Glu Trp Phe 

170 175 180 

Arg Asp Pro Lys He His Trp Asp Ala Thr Arg Asn Glu Trp Val 

185 190 195 

Cys Val He Gly Arg Ala Arg Tyr Ala Ala Phe Tyr Thr Ser Pro 

200 205 210 

Asn Leu Arg Asp Trp Gin Trp Lys Ser Asn Phe Asp Tyr Pro Asn 

215 220 225 

His Ala Leu Gly Gly He Glu Cys Pro Asp Leu Phe Glu MET Thr 

230 235 240 

Ala Giy Asp Gly Thr Arg His Trp Val Phe Gly Ala Ser MET Asp 

245 250 255 

Ala Tyr Ser He Gly Leu Pro MET Thr Phe Ala Tyr Trp Thr Gly 

260 265 270 

Ser Trp Asn Gly Thr Ala Phe He Ala Asp Asn Leu Thr Pro Gin 

275 280 285 

Trp Leu Asp Trp Gly Trp Asp Trp Tyr Ala Ala Vai Thr Trp Pro 

290 295 300 

Ala Val Glu Ala Pro Glu Thr Lys Arg Leu Ala Thr Ala Trp MET 

305 310 315 

Asn Asn Trp Lys Tyr Ala Ala Arg Asn Val Pro Thr Asp Ala Ser 

320 325 330 

Asp Gly Tyr Asn Gly Gin Asn Ser He Thr Arg Glu Leu Arg Leu 

335 340 345 

Glu Arg Gin Ser Gly Gly Trp Tyr Thr Leu Leu Ser Thr Pro Vai 

350 355 360 

Pro Ala Leu Ser Asn Tyr Ala Thr Ser Ser Thr Thr Leu Pro Asp 

365 370 375 

Arg Thr Val Asn Gly Ser Phe Val Leu Pro Trp Ser Gly Arg Ala 
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380 385 
Tyr Glu Leu Glu Leu Asp lie Ser Trp Asp Thr 

395 400 
Gly Val Ser Val Gly Arg Ser Ser Asp Gly Ser 

410 415 
He Gly Lys Tyr Gly Asp Glu Leu Tyr Val Asp 

425 430 
Glu Gin Ser Gly Tyr Ala Leu Ala Pro Tyr Thr 

440 445 
Pro He Asp Ala Asn Ala Arg Ser Val His Leu 

455 460 
Asp Thr Gin Ser Val Glu Val Phe Val Asn Ser 

470 475 
Val Ser Gin Gin Val His Phe Ala Ala Gly Asp 

485 490 
Leu Tyr Ala Asp Gly Gly Pro Ala Asn Phe Thr 

500 505 
Arg Glu Phe Gly Asn Pro He 

515 

(210) 4 

(211) 1752 

(212) DNA 

(213) Arthrobacter nicot inovorans 
<400> 4 

cccgggacc t ttcccgacgg tctcacacac ccatcaccat 
gcccgccgaa cactgagagg aaacgaatcg atgacgtatg 
ctgcaaggtg caggggttgg tgccttggca cttttcatga 
gcccacgccc aggcatccct ccgggcgatc taccacatga 
tgtgatccgc agcgacccgt acatacaaac ggcgcctacc 
ggccagaaca acggaccggg cggatgggac cacgcgacca 
acccaccatg gagtggtgat gccaatgcaa ccggacttcc 
gtagtggaca ccgccaacac cgccggcttc ggcgccggcg 
caacccaccg acggaaaatt ccaggaacag tacctttact 
tccttcaccg cattgcctga cccggtcatt gtgaacactg 
cccgccgagg tggagaacgc agaatggttc cgcgacccga 
cgcaacgagt gggtctgtgt catcggcagg gcccgctacg 
aacctgcggg attggcaatg gaagtccaac ttcgactacc 
atcgaatgcc cggatctgtt cgaaatgacc gcaggagacg 
ggggcgagca tggacgccta cagcatcggc ttgcccatga 
tcatggaacg gcacagcatt catcgccgac aacctcacac 
tgggactggt acgccgccgt gacctggccg gccgtggaag 
gccacagcgt ggatgaacaa ctggaaatat gccgcccgca 
gatggctata acgggcaaaa ttccatcacg cgcgagctca 
ggctggtaca ccttgctcag cacgcccgtt ccggcgcttt 
accacccttc cggaccgcac agtcaacggc agtttcgtac 
tatgaactgg aactcgatat ttcatgggac acggcagcga 
cgctcgtccg atggcagccg ccatacgaac atcggcaaat 
gatcgcgcat cctcggagca aagcggttat gcgctggcac 
cccatcgatg cgaacgccag atccgtccac ctgcgcatct 
gaggtgttcg taaattccgg gcacacggtg gtttcgcagc 
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390 

Aia Ala Asn Val 

405 

Arg His Thr Asn 

420 

Arg Ala Ser Ser 
435 

Arg Ala Ala Ala 

450 

Arg He Phe Val 
465 

Gly His Thr Val 

480 

Thr Gly He Ser 
495 

Gly He Thr He 
510 



gacgtttggc 


gtgtcgtcgc 


60 


acatctctcg 


ccgcac tgcc 


120 


gcaatgccat 


tcccgtggcc 


180 


ccccgccctc 


gggctggcta 


240 


age tc tac ta 


cc tccactcc 


300 


ccggcgacgg 


agtgtct tac 


360 


ccgtgtggtc 


gggatcggca 


420 


cagtcatcgc 


gc tcgccacc 


480 


ggtccacgga 


tggcggctac 


540 


atggacggac 


ggccaccacc 


600 


aaattcactg 


ggacgcgacg 


660 


ctgccttcta 


cacctctccc 


720 


ccaaccacgc 


cctcggcggt 


780 


gaacccggca 


ctgggtgttc 


840 


cct ttgccta 


ctggacaggt 


900 


cacagtggct 


tgactgggga 


960 


cacctgagac 


caagcggctt 


1020 


acgtgcccac 


ggacgcgtcc 


1080 


ggctcgagcg 


ccaatcgggc 


1140 


cgaactatgc 


cacctccagc 


1200 


tt ccgtggag 


cggccgggcg 


1260 


acgtgggagt 


ctcggtgggc 


1320 


acggtgacga 


gttgtacgtc 


1380 


cctacacccg 


cgccgccgcg 


1440 


ttgtagacac 


ccaaagtgtt 


1500 


aggtgcact t 


cgcggccggg 


1560 
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gacacgggga tctccctcta tgcggacggc 

cgcgagttcg ggaaccccat ctaagcctgc 
ctgcagcagg cgggtgcgtc gccgtcgttc 
caagcacccg gg 

(210) 5 

(211) 27 
<212) DNA 

(213) Artificial sequence 
(400) 5 

ccgcccatat gcaggcatcc ctccggg 
(210) 6 
<211> 27 

(212) DNA 

(213) Artificial sequence 
(400) 6 

gggacggatc cttagatggg gttcccg 

[133] GS™ 9fi5fe<?:»LFTa s ecOT^/^ia^J^ 
[^4] GS - 9 S^CDL FT a s eMfi^DNACD:!: 

[06] T>5^ir>X:/^-i''T-cD«SiEPJ^^t-o 
[0 7] LFTa s e(O:;^S^^?ScO«^0T*^o 



26 



ggtccggcca acttcaccgg catcaccatc 1620 

gtcccacggc tggaaaggac gacggcgacg 1680 
ttccgggtcc gttgggcagt tcgcatctga 1740 



20 



27 



27 

[1118] M^^^^^cDDFA IV <D-xmMmk<r>y u— 

[0 9] ^MFll 1 Jr:fe^t^Serratia ievanicunKT) :7 t — 

it^jstf- (No. 2[Eitett. 2 or) oo^tyfitT^^o 
[0 1 0 ] D F A I v^m^<Bmmm'msmmm.(r:>\i 

[01 1] DFA lV(DmUW^%^o 

[0 12] fiDFA I Vi^HSOHPL C^DV h^^^ 



[05] 



[0 6] 



5'- CCGCCCATAl GCAGGCATCC C7CC6GG -3' 



5'- GGGACGGATC CTTAGATGGG GTTCCCG 



[07] 



PL.FT- BBl 



[011] 
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[1112] 



1 

61 
121 

lei 

241 
301 
361 
421 
481 
541 
€01 
€€l 
121 
781 
841 
901 
§61 
1021 
1081 
1141 
1201 
1261 
1321 
1301 
1441 
1501 
1561 
1621 
1681 
1741 




tgt gatocgc 

acccaccatg 
^tagtggaca 
aaacccaocg 

tccttcaccg 

ctifcaao^agt 

atcsgaatgcc 
^(jggcga^aa 
toatggaacg 

tgggaatf gt 

geitggdtata 
ggc tg^taoa 

a coaocctto 
tatf a&ctgg 
cgctcgtocg 

gatcgcgc^t 
cccatcga tg 

ogcgagttcg 



agogacccgt 
acggaocggg 
gagtggtgs t 
ceg oca&cac 
acggaaaatt 
ca tt gcctga 
t ggagaacgc 
gggtotgtgt 
attggcaatg 
cggatctgtt 
tggacgccta 
gca<2agc&t t 
acgccgccgt 
ggatgaaeaa 
acgggcaaa a 
qcttgctc&g 
cggae egoac 
aactcgata t 
atggoagdcg 
cctaggagca 
cgaacgccag 
taaattccgg 
tctcsctot a 
ggaacooca t 



acatacaaac 
cggatgggac 
gcoaatgcaa 

ogccggctta 
ccaggaacag 

docf 3 tcatt 
agaatggttG 
eataggoagg 
ga ag t ccaac 
cgaaatgacc 
cagcatoggc 
ca tcgGcgac 
gacctggccg 
atggaaatat. 

ttcoatcacg 
oacgcccgtt 
agtcaacgga 
ttcatgggac 
ccatacgaao 
aagcggttut 
atecgtacac 
gcaaacggtg 
tgcgg ^cgge 
ctaagQAtCo 



taocaca tga 

ggcgec tado 

oacgcgacea 

ccgg^e ttcc 

ggcgocgg eg 

tacctttact 

gtf aacft etg 

cgcgaoocga 

gcecgctacg 

ttcgactacc 

gcaggagacg 

ttgoccatga 

aacctcaaao 

gocgtg gaag 

gccg cccgea 

ogcgagctca 

ccggcgcttt 

agtttogtaa 

acggoagcga 

atcggcaaat 

gcg c tggaa<3 

ctgcgcatct 

gtttogoagc 

ggtccggeca 



accc gco c t c 

agct eta c t a 

ccggcgacgg 

csgtqtggta 

oagtoa t cgc 

ggtccaogga 

atggadgga 

aaat tcac tg 

ctgocttota 

ccaaccacgc 

gaacccggca 

cotttgccta 

cacagtggct 

caoctga gac! 

acgtgcccad 

ggot ogagog 

cgaactatgc 

ttccgtggag 

acgtgggag t 

acggtgacga 

ccta a aoocg 

t tgt aga cac 

aggtgcactt 

Acttaaaagg 



gggctggcta 

cctcoaatcc 

a g tgt attac 

gggatcggaa 

gotcgcca cc 

tggcggctao 

ggccaccacc 

ggaogcgaog 

cacctctccc 

cctcggcggt 

ctggg tgttc 

ctggacaggt 

tgactgggga 

eaagcgge tt 

ggacgcgtco 

ocaatoggga 

cacotooagc 

oggccgggcg 

otcggtggga 

gttgtaagtc 

cgccgccgcg 

ccaaagtgtt 

cgcggcoggg 

o&toaccato 
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tggcggotac 
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cacctotoco 
flc tdgg cggt 
dtgggtgttc 
ctgqacaggt 
tgactgggga 
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ggacgogtoo 
cca^tcgggc 
ca cctccagc 
eg gccg ggcg 
ctcggtgggo 
gttgtacgtc 
cgccgcagcg 
ooaaagtgtt 
cgcf gaaggg 
ca tcaccatc 
gacggcgaog 
tcgcatctga 
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